X-Ray Structure of a Molecular Basket - Origin of Its Poor Binding-Properties by Martens, C.F. et al.
PDF hosted at the Radboud Repository of the Radboud University
Nijmegen
 
 
 
 
This full text is a publisher's version.
 
 
For additional information about this publication click this link.
http://hdl.handle.net/2066/16436
 
 
 
Please be advised that this information was generated on 2014-11-13 and may be subject to
change.
Recl. Trav. Chim. Pays-Bas 112, 400-403 (1993)
400 C.F. Martens et al. /  X-ray structure o f a molecular basket
0165-0513/93/06400-04$06.00
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Abstract. X-ray analysis and *H-NMR data in solution show that the entrance of the cavity of 
receptor lc is blocked by benzyl groups, preventing the binding of substrate molecules.
Introduction
As part of our program aimed at the development of a 
dopamine-/3-hydroxylase mimic, we recently reported the 
synthesis of a number of molecular receptors ( la -d , Chart 
1) which are capable of binding benzenediols with rela-
a IUPAC name: tetrahydro-3a,6a-diphenylimidazo[4,5-d]imidazole- 
2,5(1 # ,3 /ƒ  )-dione
tively high association constants1. The receptors contain a 
cavity with a base formed by a diphenylglycoluril unit 
and two walls of o-xylylene rings. These rings are con­
nected by two aza-crown ether bridges of variable lengths. 
Previous work has shown that the nitrogen atoms in these 
bridges as well as the carbonyl oxygen atoms of the 
diphenylglycoluril unit can be involved in the binding of 
the benzenediols2. However, although Corey-Pauling- 
Koltun(CPK)-model studies showed that receptor lc is 
well suited for the binding of the various benzenediols, 
low association constants were found for this compound.
Figure 1. X-ray structure o f receptor lc. The molecule contains a crystallographic twofold axis. Left: side view, right: front view
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l a  R = benzyl 
1b R = H
R
l e  R = benzyl 
Id  R = H
which could not easily be explained. In order to clarify 
this feature, we undertook X-ray characterization of re­
ceptor lc and determined its solution structure.
Table III Final coordinates and equivalent isotropic thermal parame­
ters o f non-hydrogen atoms for lc
Table I Association constants (KtJ, M 0  between receptors la -d  
and benzenediols a
Receptor 1,2-Benzenediol 1,3-Benzenediol 1,4-Benzenediol
la 70 b 2.9 - 103  b 6.5 - 102
lb 40 2 .0 - 1 0 3 5 .4 -103
lc < 50 50 < 5 0
Id 5.0-102 3.2-103 5.5 - 102
a See Ref. 1; estimated error 50%, unless otherwise stated. b Esti­
mated error 5-10%.
Table II Crystal data and details o f structure determination o f lc
Crystal data
Empirical formula C 5 4  H 5 2  N(, 0 6  • 4CDCI3
Formula weight 1362.58
Space group P 2 / c
ö, b , c (A) 11.329(1), 15.109(1), 17.905(2)
ß  (°) 97.87(1)
V (A3) 3035.8 (5)
Z 2
°calc (g/Cm3) 1.491
^ (M o K a K cm  ') 6 . 0
crystal size (mm) 0.20X0.25X0.50
Data collection
Temperature (K) 150
Radiation (A) Mo-Ka (mon) 0.71073
¿max <°> 27.5
Total nr. of reflections 12144
Unique nr. of reflections 6984
Observed / >  2.5 crU) 4544
DIFABS correction range 0.84, 1.19
Refinement
R f? R w, S 0.0486, 0.0392, 1.33•  »
Weighting scheme w ~ 1 = (t 2(F)
Residual density range (e " /A - ) -0 .51  < A p <  0.43
Atom X y z U(eq) a (Â2)
0 ( 1 ) 0.19404(15) 0.58328(11) 0.04551(9) 0.0224(6)
0 (2 ) -0.22828(14) 0.67982(11) 0.14736(8) 0 .0 2 0 2 (6 )
0(3) 0.23875(15) 0.50263(11) 0.21109(8) 0 .0 2 0 1 (6 )
N(l) 0.11846(17) 0.44790(13) 0.29390(10) 0.0151(6)
N(2) 0.07711(17) 0.41208(13) 0.17246(10) 0.0162(6)
N(3) -0.30681(18) 0.73604(14) 0.33575(10) 0.0211(7)
C(l) 0.1536(2) 0.45959(16) 0.22513(12) 0.0161(8)
C(2) -0.0247(2) 0.38110(16) 0.20635(12) 0.0165(8)
C(3) 0.0576(2) 0.44820(18) 0.09534(13) 0.0181(8)
C(4) 0.1730(2) 0.49504(18) 0.36072(13) 0.0173(8)
C(5) 0.0179(2) 0.54386(17) 0.09305(12) 0.0158(8)
C(6 ) -0.0913(2) 0.56631(16) 0.11656(12) 0.0167(8)
C(7) -0.1232(2) 0.65554(17) 0.12046(12) 0.0183(8)
C(8 ) -0.0513(2) 0.72033(19) 0.09612(13) 0.0219(9)
C(9) 0.0547(2) 0.69823(18) 0.07110(13) 0.0217(9)
C(10) 0.0910(2) 0.61059(17) 0.07103(12) 0.0185(8)
C (ll) -  0.2065(2) 0.7033(2) 0.22673(13) 0.0222(9)
C( 12) -0.3238(3) 0.7248(2) 0.25354(15) 0.0237(9)
C(13) -0.3524(3) 0.82032(19) 0.36027(16) 0.0281(10)
C( 14) -0.2918(3) 0.90079(18) 0.33422(14) 0.0277(9)
C( 15) -0.3584(3) 0.9753(2) 0.31035(16) 0.0358(11)
C( 16) -0.3036(4) 1.0505(2) 0.28694(17) 0.0444(13)
C(17) -0.1828(4) 1.0530(2) 0.28841(17) 0.0447(13)
C( 18) -0.1144(3) 0.9802(2) 0.31381(17) 0.0403( 11 )
C( 19) -0.1696(3) 0.9051(2) 0.33579(16) 0.0335(11)
C(20) 0.2927(3) 0.6440(2) 0.04621(14) 0.0248(9)
C(21) -0.3562(3) 0.6623(2) 0.37497(15) 0.0250(9)
C(22) -0.1961(3) 0.27598(18) 0.17024(14) 0.0240(9)
C(23) -0.2466(3) 0.20136(19) 0.13357(15) 0.0291(9)
C(24) -0.1769(3) 0.1463(2) 0.09649(15) 0.0314(10)
C(25) -0.0580(3) 0.16395(19) 0.09725(15) 0.0305(10)
C(26) -0.0067(3) 0.23850(18) 0.13406(14) 0.0248(9)
C(27) -  0.0760(2) 0.29600Î 17) 0.17068(12) 0.0184(8)
Cl(l) 0.69186(9) 0.08017(5) 0.62330(4) 0.0530(3)
Cl(2) 0.77863(8) 0.09559(6) 0.48040(4) 0.0547(3)
Cl(3) 0.53120(8) 0.12561(8) 0.49022(5) 0.0668(4)
C(28) 0.6763(3) 0.1356(2) 0.53687(16) 0.0369( 11 )
Cl(4) 0.36439(9) 0.29231(6) 0.14961(5) 0.0611(4)
Cl(5) 0.37507(8) 0.38939(6) 0.01261(4) 0.0537(3)
Cl(6 ) 0.53362(7) 0.43390(7) 0.14735(5) 0.0570(3)
C(29) 0.3920(3) 0.3961(2) 0.11111(16) 0.0332(10)
a £/(eq) = I of trace of orthogonalized U.
Figure 2. Space filling representations o f lc. Left: side view, right: top view.
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Table IV  Bond distances (A) for lc
o(i)-cxio) 1.374(3) C(9)-C( 10) 1.387(4)
C>( 1 )-C(20) 1.445(4) C( 11 )-C( 12) 1.509(4)
0(2)-C (7) 1.393(3) C (1 3 )-a i4 ) 1.502(4)
0 (2 )-C (l 1) 1.453(3) C(14)-C(15) 1.390(4)
0 (3 )-C (l) 1.218(3) C(14)-C(19) 1.382(5)
N ( i ) - a i ) 1.356(3) C(15)-C(16) 1.387(5)
N(l)-C<4) 1.455(3) C(16)-C(17) 1.366(6)
N( 1 )—C(2)a 1.465(3) C( 17)-C( 18) 1.386(5)
N(2)-C(l) 1.390(3) C(18)-C(19) 1.379(4)
N(2)-C(2) 1.452(3) C(20)-C(21)a 1.519(4)
N(2)-C(3) 1.473(3) C(22)-C(23) 1.388(4)
N(3)-C(12) 1.468(3) C(22)-C(27) 1.393(4)
N(3)-C( 13) 1.464(4) C(23)-C(24) 1.378(4)
N(3)-C(21) 1.468(4) C(24)-C(25) 1.371(5)
C(2)-C(27) 1.516(3) C(25)-C(26) 1.391(4)
C(2)-C(2)a 1.586(3) C(26)-C(27) 1.394(4)
C(3)-C(5) 1.513(4) Cl(l)-C(28) 1.747(3)
C(4)-C(6)a 1.512(3) Cl(2)-C(28) 1.747(3)
C(5)-C(6) 1.402(3) Cl(3)-C(28) 1.745(3)
C(5)-CU0) 1.395(3) Cl(4)-C(29) 1.758(3)
C(6)-C(7) 1.400(4) Cl(5)-C(29) 1.751(3)
C(7)-C(8) 1.382(4) Cl(6)-C(29) 1.742(3)
C(8)-C(9) 1.379(3)
ci7^
C16 *  ' ‘ CIS
I
C15
C13
C14/
C20a
01a
C10ax  / /C25a-C26a N2a N1a C22=C23 
C9a- C5a // \\ \  / /  \
| || C24a C27a-C2a-C2  — C27 C24
C8a.
C7a
02a
Figure 3. The numbering scheme for  lc.
Results and discussion
The association constants for the binding of various ben- 
zenediols in receptors la -d  have been published previ­
ously1 and are tabulated in Table I. As is clear from this 
Table, the binding properties of lc are very poor when 
compared with the other receptors. In particular, the 
difference between compounds lc and Id is remarkable as 
both compounds have cavities of similar size. It was, 
therefore, suspected that the benzyl functions on the 
crown ether rings interfere with the binding of the sub­
strate molecules. To investigate this in more detail, single 
crystals of lc were grown and the structure of this com­
pound in the solid state was determined by X-ray analysis. 
A drawing of lc is shown in Figure 1. As is clear from 
Figure 1, the overall shape of lc is concave: the molecule
has the form of a basket. As was found in a similar 
structure3, the convex side of lc is shielded by two phenyl 
groups. The oxylylene walls are directed upward and line 
the cavity. The benzyl groups that are attached to the 
nitrogen atoms of the crown ether rings point upward and 
shield the portal of the cavity. This is more easily seen in 
the space-filling representations of lc shown in Figure 2. 
The benzyl substituents effectively block the entrance of 
the cavity. CPK models built on the basis of the X-ray 
structure indicated that the basket has a very rigid confor­
mation with no freedom for the crown-ether rings. Out­
ward rotation of the benzyl groups is probably severely 
hindered. Since the solid-state structure might be pre­
served in solution, ’H-NMR measurements were carried 
out on lc in CDC13 solution. When the H ’-protons of the 
xylylene walls were irradiated (see Chart 1), a positive 
NOE effect (2.7%) was noted for the aromatic protons of 
the benzyl groups. A similar positive NOE effect was
Table V Bond angles (°) for  lc
C( 10)—0 ( 1 )—C(20) 119.9(2) 0(2)-C(7)-C<8) 119.4(2)
C (7)-0(2)-C (l 1) 111.33(16) C(6)-C(7)-C(8) 119.9(2)
C( 1 )—N( 1 )—C(4) 1 2 2 .6 ( 2 ) C(7)-C(8)-C(9) 120.5(3)
C (l)-N (l)-C (2)a 112.94(18) C(8)-C(9)-C(10) 1 2 0 .2 (2 )
C(2)a-N (l)-C(4) 124.46(18) 0(1)-C(10)-C(5) 116.2(2)
C(l)-N (2)-C(2) 109.88(17) 0(1)-C(10)-C(9) 123.6(2)
C(l)-N(2)-C(3) 116.38(19) C(5)-C(10)-C(9) 1 2 0 . 1 ( 2 )
C(2)-N(2)-C(3) 119.03(18) 0 (2 )—C( 1 1 )—C( 1 2 ) 108.95(19)
C(12)-N(3)-C(13) 113.5(2) N(3)—C( 12)—C( 11) 1 1 0 . 1 ( 2 )
C(12)-N(3)-C(21) 112.7(2) N(3)-C(13)-C(14) 114.6(3)
C(13)-N(3)-C(21) 1 1 0 . 1 ( 2 ) C(13)-C(14)-C(15) 120.0(3)
0 (3 )—C( 1 )—N( 1 ) 126.6(2) C(13)-C(14)-C(19) 122.1(3)
0 (3 )-C (l)-N (2) 125.0(2) C( 15)—C( 14)—C( 19) 117.9(3)
N (l)-C (l)-N (2) 108.39(19) C(14)-C(15)-C(16) 120.7(3)
N(2)-C(2)-C(27) 112.21(18) C(15)-C(16)-C(17) 120.4(3)
N (l)a-C(2)-N (2) 113.19(19) C( 16)—C(17)—C( 18) 119.9(3)
N(2)-C(2)-C(2)a 102.62(17) C(17)-C(18)-C(19) 119.5(3)
N( 1 )a-C(2)-C(27) 110.31(18) C( 14)-C(19)-C( 18) 121.7(3)
C(2)a-C(2)-C(27) 118.58(19) 0 (  1 )-C(20)-C(21 )a 113.0(2)
N( 1 )a-C(2)-C(2)a 99.26(17) N(3)-C(21 )-C(20)a 114.8(2)
N(2)-C(3)-C(5) 112.66(19) C(23)-C(22)-C(27) 121.2(3)
N(l)-C(4)-C(6)a 111.29(19) C(22)-C(23)-C(24) 119.5(3)
C(3)-C(5)-C(6) 119.6(2) C(23)-C(24)-C(25) 120.3(3)
C(3)-C(5)-C(10) 1 2 0 .8 ( 2 ) C(24)-C(25)-C(26) 120.5(3)
C(6)-C(5)-C(10) 119.5(2) C(25)-C(26)-C(27) 120.1(3)
C(5)-C(6)-C(7) 119.5(2) C(2)-C(27)-C(22) 120.3(2)
C(4)a-C(6)-C(5) 120.4(2) C(2)-C(27)-C(26) 1 2 1 .3 ( 2 )
C(4)a-C(6)-C(7) 1 2 0 . 1 (2 ) C(22)-C(27)-C(26) 118.3(2)
0(2)-C(7)-C (6) 1 2 0 .6 (2 ) Cl( 1 )-C(28)-Cl(2) 110.62(18)
C1(1)-C(28)-C1(3) 110.89(18) CI(4)-C(29)-C1(6) 110.52(17)
C1(2)-C(28)-C1(3) 110.44(16) C1(5)-C(29)-CI(6) 111.25(18)
C1(4)-C(29)-C1(5) 110.03(17)
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observed for the xylylene H ’-protons (1.6%) when the 
aromatic protons of the benzyl groups were irradiated. In 
both cases, a positive NOE was also visible for the methy­
lene protons H 2 and H 3. These results suggest that, in 
solution, the “closed” conformation of the receptor is at 
least partly preserved.
In summary, we conclude that the poor binding properties 
of compound lc  are due to the fact that the cavity of this 
compound is shielded by benzyl groups. We believe that 
strain in the aza-crown ether rings of lc  is the origin of 
this feature. Such a strain is not likely to be present in 
receptors la  and lb  as the aza-crown-ether rings in these 
molecules are much larger.
Experimental
1H-NMR measurements
The measurements were carried out on a Bruker WM-400 instru­
ment using protocols reported previously1,2.
Compound lc
The synthesis of compound lc was carried out according to a 
procedure described previously1. Single crystals of lc were grown by 
slow evaporation of a saturated CDC13  solution of this compound. 
'H-NM R (CDC13): 8 3.02 and 3.45, m, 8 H, N CH 2 C H ,; 3.70, m, 
12H, OCH->CH2, N C H .A r; 3.65 and 5.45, 2d, 8 H, N C H 2 Ar, J 15.4 
Hz; 6.84, s, 4H, ArH; 7.H, m, 10H, ArH; 7.40, m, 10H, ArH.
Crystal-structure determination o f  lc
Crystals of the title complex are colorless. A suitable specimen was 
taken out of the mother liquor, cut to the correct size and put into
the cold nitrogen stream of an Enraf Nonius CAD 4T /  rotating- 
anode diffractometer (M oK a, graphite monochromated, A 0.71073 
A, 150 K, 9 kW). Unit-cell dimensions were derived from the setting 
angles of 25 reflections in the range 11 < 6 < 14°. A total of 12144 
reflections were scanned. Data were corrected for L p and absorption 
(DIFABS)4. The structure was solved by direct methods (SIR92)5 
and refined by full-matrix least-squares on F with SHELX766. 
Hydrogen atoms were located from a difference map and their 
positions and isotropic thermal motion parameters refined. A final 
difference map showed no significant residual features. Weights are 
based on counting statistics. Scattering factors used were those of 
Cromer and Mann1. Numerical details of the structure determina­
tion are collected in Table II. Coordinates for the non-hydrogen 
atoms are given in Table III, bond distances are given in Table IV, 
bond angles are given in Table V and the numbering scheme is given 
in Figure 3. All calculations were done on a DEC 5000/ULTRIX 
system. Complete structural data have been deposited with the 
Cambridge Crystallographic Data center
Acknowledgement
This work was supported by SON/NW O.
References
1 R. P. Sijbesma and R. J. M. Nolte, J. Org. Chem. 56, 3122 (1991).
2 R. P. Sijbesma, A. P. M. Kentgens and R. J. M. Nolte, J. Org. Chem. 
56, 3199 (1991).
3 J. W. H. Smeets, R. P. Sijbesma, L. van Dalen, A. L. Spek, W. J. J. 
Smeets and R. J. M. Nolte, J. Org. Chem. 54, 3710 (1989).
4 N. Walker and D. Stuart, Acta Cryst. A 39, 158 (1983).
SIR92, C. Giacovazzo, G. Cascarano, program for structure deter­
mination, Bari, Italy, 1992.
6  SHELX76, G. M. Sheldrick, program for crystal structure determi­
nation, University of Cambridge, England, 1976.
7 D. T. Cromer and J. B. Mann, Acta Cryst. A 24, 321 (1968).
